Increased antiphospholipid antibody prevalence has been demonstrated by a number of recent studies in in-vitro fertilization (IVF) patients but the potential effects of antiphospholipid antibodies on the different components of the reproductive process and the consideration of whether to test IVF patients for antiphospholipid antibodies are controversial. The present study was undertaken to investigate the possible association between the presence of circulating antiphospholipid antibodies (namely the lupus anticoagulant and anticardiolipin antibodies), among a series of 21 consecutive IVF patients having a clinical spontaneous abortion after their first embryo transfer. As a control group (n ⍧ 42), the nearest IVF cycle resulting in an ongoing pregnancy before and after each miscarried IVF cycle (i.e. the closest cycles in temporal relationship to the index cycle) was used. One patient (4.8%) in the study group and two women (4.8%) among controls were seropositive for antiphospholipid antibodies. These low and similar seropositivity rates found in the two groups studied lead us to conclude that antiphospholipid antibodies testing in IVF patients should be considered only in those women having repeated failures of implantation/clinical abortion after embryo transfer but not in an infertile general population reaching an IVF programme.
Introduction
At present, there is convincing evidence that abnormal autoimmune function is an aetiological factor in~10% of patients with recurrent pregnancy loss (Rai et al., 1995; Balasch et al., 1996; Hatasaka et al., 1997) and assessment of antiphospholipid antibodies, namely the lupus anticoagulant and anticardiolipin antibodies, has become routine in the evaluation of women having recurrent abortion (Balasch and Font, 1994; Balasch, 1995; Rai et al., 1996; Hatasaka et al., 1997) . A particular 1180 © European Society for Human Reproduction and Embryology subpopulation of anticardiolipin antibodies may be strongly represented in the male partners, the clinical significance of which remains to be established (Panton and Kilpatrick, 1997) .
Though recurrent pregnancy loss involves the loss of clinically recognized (post-implantation) pregnancies, it has been postulated that the same immunological dysfunction that may lead to some cases of recurrent pregnancy loss could also affect earlier unrecognized pregnancies as well, leading to heretofore unexplained infertility (Tartakovsky et al., 1996; Hatasaka et al., 1997) . Thus, recent research efforts have been focused on the prevalence of antiphospholipid antibody in an infertile population and to study the effect of their presence on in-vitro fertilization (IVF) cycle outcome.
Increased antibody prevalence has been uniformly demonstrated by a number of studies in an IVF general population (Gleicher et al., 1994; Sher et al., 1994; Fisch et al., 1995; Nip et al., 1995; Birdsall et al., 1996; Schenk et al., 1996; Denis et al., 1997; Kowalik et al., 1997; Kutteh et al., 1997) . The magnitude of this increase, however, varies widely between reports ranging from 10 to 48%. On the other hand, although the majority of the studies conclude that antiphospholipid antibodies are a poor predictor of the IVF cycle outcome in an IVF general programme (Gleicher et al., 1994; Fisch et al., 1995; Nip et al., 1995; Birdsall et al., 1996; Schenk et al., 1996; Denis et al., 1997; Kowalik et al., 1997; Kutteh et al., 1997) , some authors disagree (Sher et al., 1994) and four reports in the literature are in agreement that antiphospholipid antibody prevalence is higher among patients with repeated failure of embryo transfer (three or more) than in women who successfully conceive after IVF (Birkenfeld et al., 1994; Geva et al., 1995; Balasch et al., 1996; Kaider et al., 1996) . An important reason for the above controversy may be the heterogeneity among different study populations. On the other hand, abnormal autoantibodies may be nothing but an epiphenomenon with respect to IVF failure (Gleicher, 1997) .
Interestingly, a very recent report (Kowalik et al., 1997) showed that antiphospholipid antibody was not predictive of IVF outcome but the rate of miscarriage was 2-fold higher in the IVF patients positive for antiphospholipid antibodies compared with antibody-negative women. The authors concluded that consideration whether to perform antiphospholipid antibody testing should be given to all patients whose IVF cycle results in a miscarriage after a clinical pregnancy has been documented. We therefore investigated the prevalence of antiphospholipid antibodies among IVF patients having a clinical spontaneous abortion after their first embryo transfer.
Materials and methods
We studied 21 frozen blood samples from consecutive infertile patients becoming pregnant after their first IVF-embryo transfer cycle but having a first-trimester spontaneous clinical abortion. As a control group (n ϭ 42), the nearest IVF cycle resulting in an ongoing pregnancy before and after each miscarried IVF cycle (i.e. the closest cycles in temporal relationship to the index cycle) was used. In order to maintain the homogeneity of the two study groups only patients undergoing their first IVF-embryo transfer treatment were included. No woman had had a previous pregnancy. Blood samples were obtained in keeping with approved protocols and all of them were obtained within 3 months before the IVF cycle. Patients having circulating antiphospholipid antibodies detected before their IVF cycle and a spontaneous clinical abortion after embryo transfer were screened again for antiphospholipid antibodies after miscarriage. Pregnancy was diagnosed by increasing serum concentrations of β-human chorionic gonadotrophin after embryo transfer, and the subsequent demonstration of an intrauterine gestational sac by ultrasonography.
Antiphospholipid antibodies (lupus anticoagulant, anticardiolipin antibodies) were determined as described previously (Balasch et al., 1996) . Briefly, immunoglobulin G (IgG) and immunoglobulin M (IgM) anticardiolipin antibodies were measured by enzyme-linked immunosorbent assay. Control serum samples from 100 normal blood donors were used to standardize the assay. The final value of the results was considered after correction by subtraction of non-specific binding to uncoated wells. A positive value was defined as a binding index Ͼ5 SD above the mean value obtained in normal control subjects. The following tests were carried out in all patients to detect lupus anticoagulant: prothrombin time, activated partial thromboplastin time, kaolin clotting time, diluted Russell's viper venom time and tissue thromboplastin inhibition test. In order to rule out a deficit in a coagulation factor, each assay was also performed with a mixture of patient and control plasma (1:1, v/v). Patients were considered to have lupus anticoagulant activity when at least two of these assays were shown to be positive.
Since the lupus anticoagulant and antiphospholipid antibodies have similar clinical manifestations and are recognized as independent risk factors for the antiphospholipid syndrome (Triplett et al., 1988; Gleicher et al., 1993; Balasch, 1995) , statistical comparisons between groups were carried out considering the percentage of positive sera in each group of patients studied, a serum being considered as positive for antiphospholipid antibodies when positive values for the lupus anticoagulant, anticardiolipin antibodies (IgG and/or IgM) or both were detected.
Statistical comparisons were performed using Student's t-test, χ 2 -test and Fisher's exact test. Table I . It can be seen that main demographic and baseline characteristics of the patients in the two groups studied were similar in terms of age, cause of infertility, duration of infertility, and the number of embryos replaced.
Results

Results are summarized in
Only one patient (4.8%) in the spontaneous clinical abortion group was seropositive for antiphospholipid antibodies (lupus anticoagulant detected) before her IVF cycle. However, repeated screenings for antiphospholipid antibodies at 1, 4 and 7 months after miscarriage in this patient were negative. In the control group the incidence of seropositive women before IVF treatment was exactly the same (4.8%) as that among the study group. One patient was found to have low IgM anticardiolipin antibody titres and the other had mid-IgG anticardiolipin antibody titres. Both women had uneventful term pregnancies. No frozen plasma and serum samples were available to repeat antiphospholipid antibody screening during or after pregnancy in these two patients for the specific purpose of the present study.
Discussion
The association between autoimmune diseases, mainly systemic lupus erythematosus, and increased pregnancy wastage has long been recognized (Garsenstein et al., 1962) . At present it is well known that women with lupus at increased risk for pregnancy loss are those having antiphospholipid antibodies, namely lupus anticoagulant and anticardiolipin antibodies (Kutteh et al., 1993) . Apart from antiphospholipid antibodies, there is no convincing evidence to implicate disease-specific autoantibodies as causative in pregnancy failure (Hatasaka et al., 1997) . Recently, it has been stressed that in addition to recurrent pregnancy loss, other reproductive processes such as endometriosis, unexplained infertility and IVF failure may be affected by phospholipid antibody abnormalities (the 'reproductive autoimmune failure syndrome') (Gleicher et al., 1993) . However, in a recent study including a large series of 500 consecutive infertile patients and appropriate control women, we (Balasch et al., 1996) showed a low overall incidence (2.4%) of antiphospholipid antibody positivity which was not different from those found among our control groups of healthy women and was similar to the 2-3% reported in studies of normal pregnant or non-pregnant women (Petri, 1993; Lockwood and Rand, 1994) . Furthermore, we were unable to find differences in antiphospholipid antibody positivity rates between different diagnostic categories of infertile patients including endometriosis and unexplained infertility (Balasch et al., 1996) . Therefore, the association of abnormal autoimmune function with infertility remains circumstantial and there is no specific autoantibody that may be a marker for autoimmunerelated infertility (Hatasaka et al., 1997) . As IVF patients are those infertile women for whom standard infertility treatments have failed, it is surprising that a number of investigations have found an increased antiphospholipid antibody prevalence among women who reached an IVF programme (Gleicher et al., 1994; Sher et al., 1994; Fisch et al., 1995; Nip et al., 1995; Birdsall et al., 1996; Schenk et al., 1996; Denis et al., 1997; Kowalik et al., 1997; Kutteh et al., 1997) . A very recent critical review of the literature on the subject leads to the conclusion that the autoantibodies do not appear to affect IVF outcome and several reasons have been proposed to explain the unexplained, mainly because no clear-cut factors (such as hormonal states or specific infertility diagnoses) have been identified as a source of autoantibody induction (Hatasaka et al., 1997) . First, the populations studied are inconsistent. Second, among the different studies on the subject, no two used the same set of autoantibodies to establish a diagnosis. Third, different studies have either omitted a control group or have used control groups that are not acceptably comparable to the study population. Fourth, the majority of autoantibody assays used in the evaluation of infertile women are not standardized. Fifth, various definitions of 'normal' have been used with regard to the autoantibody assays. Sixth, when many tests are done that are independent or partially independent, then the chances of encountering a false positive increases exponentially (Hatasaka et al., 1997) . Finally, it is important to stress that most studies on the subject discussed above measured antiphospholipid antibodies only on a single occasion (usually before the IVF cycle). This is notable because the concept of the 'reproductive autoimmune failure syndrome' was coined as an 'expansion' of the so-called 'gynaeco-obstetrical primary antiphospholipid syndrome' (Gleicher et al., 1993) .
As recently stressed by Rai and Regan (1997) , before a diagnosis of the primary antiphospholipid syndrome can be made, antiphospholipid antibody positive results should have been obtained on at least two occassions Ͼ8 weeks apart. This is particularly important as an association between adverse pregnancy outcome and antiphospholipid antibodies only holds for those with persistently positive titres. Even upper respiratory infections are known to induce 'false positive' autoantibody findings and we do not know if transient-positive results (which are a common occurrence) are normal or not among the various clinical categories or within an individual (Hataska et al., 1997; Rai and Regan, 1997) . By applying this laboratory criterion, an increased incidence of antiphospholipid antibody abnormalities in a large series of 500 consecutive infertile patients was not found (Balasch et al., 1996) .
Another essential criterion applying to antiphospholipid antibodies testing in patients with pregnancy loss, is that only patients with recurrent miscarriage should be tested and considered for treatment (Balasch and Font, 1994; Balasch, 1995; Cowchock et al., 1997) . Since repeatedly unsuccessful embryo transfers after IVF are thought to be because of occult abortion (Clark, 1989; Gleicher et al., 1993; Hatasaka et al., 1997) , a role for antiphospholipid antibodies in failure of nidation after repeated IVF-embryo transfer could be postulated. Favouring this concept is the fact that all the four studies in the literature investigating antiphospholipid antibodies in patients failing three or more IVF-embryo transfer attempts are in agreement that such patients have a higher incidence of antiphospholipid antibody seropositivity than women becoming pregnant with their first IVF attempt (Birkenfeld et al., 1994; Geva et al., 1995; Balasch et al., 1996; Kaider et al., 1996) . Therefore, as with the 'primary antiphospholipid syndrome', antiphospholipid antibodies testing in IVF patients should be applied according to strict laboratory criteria in those women having repeated failures of implantation/clinical abortion after embryo transfer but not in an infertile general population reaching an IVF programme. This is well exemplified by the present study where only women becoming pregnant after their first IVF attempt were included. Patients having a clinical spontaneous abortion had a very low (and 'transient') seropositivity rate (4.7%) for antiphospholipid antibodies which was exactly the same as the incidence of antiphospholipid antibody positivity observed among women carrying to term and similar to the 2-3% reported in studies of normal pregnant or non-pregnant women (Petri, 1993; Lockwwod and Rand, 1994) . Unfortunately, in previous studies investigating the possible association between antiphospholipid antibodies and miscarriage after IVF and suggesting (Kowalik et al., 1997) or not (Birdsall et al., 1996; Denis et al., 1997; Kutteh et al., 1997) such an association, the number of IVF attempts/ pregnancy for each patient was not provided. Thus, further studies similar to that reported here but including IVF patients having both just one or at least two abortions after embryo transfer are desirable.
